which determine the fetch and duration available for generation of wave energy, and (2) the direction and distance of propagation once the waves leave the active generation area. Some information was compiled by the military on wave climatology for certain regions, but no wave forecasts were produced.
During the war, the need for wave forecasts was recognized, and action was taken by separate, parallel efforts of the American and British war departments. The most pressing problem was the determination of operability of landing craft within the surf; two-meter breakers were considered likely to cause broaching and sinking (AIP, 1986; Munk and Day, 2002) . The US job was given to with these forecasts, but it is reasonably assumed to be in the thousands over the course of the war (Kinsman, 1984) .
The methods of Sverdrup and Munk, summarized in Kinsman (1984) , were by necessity quite crude, requiring, for example, a forecaster to quantify a single fetch and duration associated with a single wind speed, though winds over the real ocean are non-stationary and non-uniform. Individual forecasts were made using a sequence of charts and nomographs. These simple concepts continued to be used into the era of electronic computing.
In their review of wave modeling at the National Weather Service (NWS), Tolman et al. (2002) state that the first computer-generated wave forecasts for the NWS were made in July 1956, as described by Hubert (1957) . The NWS at the time was known as the Weather Bureau, and Hubert was, in fact, a Navy officer detailed to the Joint Numerical Weather Prediction Unit, a joint project by the US Air Force, Navy, and
INTRODUCTION

Particular attention is given in this article
to progress made since an earlier paper of similar theme by Jensen et al. (2002) . (1) the temporal and spatial variability of the wind field and the basin geometry, ABSTR ACT. This article reviews the prediction of wind-generated surface gravity waves over the world ocean by the US Navy. The numerical wave model WAVEWATCH III® is used operationally for this purpose at the two primary Navy operational centers, the Fleet Numerical Meteorology and Oceanography Center and the Naval Oceanographic Office. This model is briefly described, and an overview is given of the current operational and near-operational features of global-and regionalscale wave models at the two centers. Planned features are summarized.
forecasts were more primitive than the earlier methods of Sverdrup and Munk, representing a step backward of sorts, because they assumed infinite fetch, disregarded swell, and were only beginning to introduce the concept of limited duration. By the mid 1960s, these models had been improved to include simplified swell predictions, and were implemented at the Fleet Numerical Oceanography Center (FNOC; Clancy et al., 1986; Wittmann and Clancy, 1993 (Clancy et al., 1986) . It was a regional model, subsequently replaced by a global version (GSOWM) in the mid-1980s (Clancy et al., 1986) .
Implementation of the first modern (so-called "third generation") wave model, WAM (WAve Model; WAMDI Group, 1988) , occurred in the 1990s, with a regional implementation at FNOC in 1990 and a global implementation in 1994 (Wittmann and Clancy, 1993, 2004; Wittmann et al., 1995) . By that time, the operational center was known by its current name, Fleet Numerical Meteorology and Oceanography Center (FNMOC).
During this progression of Navy wave models, the most important breakthrough was arguably the development of the conservation equation for spectral density, sometimes known as the "radiative transfer equation" for wave energy. This was first expressed by Gelci et al. (1956) and Hasselmann (1960 
The prognostic variable is the wave action density N, equal to energy density divided by angular relative frequency (N = E/σ), which is a function of space and time, N = N (x,y,θ,σ,t) . Relative frequency σ is the wave frequency measured from a frame of reference moving with a current, if a current exists; θ is wave direction; C is the wave action propagation speed in (x,y,θ,σ) space. In the absence of currents, C x is the x-component of the group velocity In the case of spherical coordinates, the advection terms are modified to account for Earth's curvature (see WAMDI Group, 1988) . Diffraction is customarily disregarded at these scales.
In first generation wave models such as SOWM, the right-hand side of Boundary forcing consists of directional wave spectra prescribed at intervals along the boundaries. Nearshore forecasts are important not only for the initial assault, to check against operating thresholds of medium and small craft, but also for so-called "logistics over the shore, " that is, the movement of men and matériel in the subsequent days. In fact, the latter sort of operations is more likely to be restricted by surf conditions (Su and Vincent, 1996) . Nearshore 
WAVEWATCH III: KEY FEATURES AND CODE DEVELOPMENT
The WAVEWATCH model was originally developed at Delft University (Tolman, 1991) , and its current form, referred to as WAVEWATCH III® (WW3) (Tolman et al., 2014 0°  140°W  100°W  68°W  36°W  4°W 20°E  52°E  84°E  116°E  148°E  180°t he section on WAVEWATCH III at NAVOCEANO). Previously, this manner of consistency was possible only by using a very crude variety of source functions in both models.
WAVEWATCH III AT FNMOC
FNMOC is the Navy operational center with primary responsibility for global and large regional-scale wave models. In (2003), is used
The global model is run to 180 hours, and the regional models forecast to varying lengths, from 36 to 96 hours. In October 2012, the assimilation was upgraded from a simple optimum interpolation (OI) to a three-dimensional variational (3DVAR) scheme (Smith et al., 2011) . At the time of writing, data are used from three satellite altimeters:
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NEXT STEPS: CAPABILITIES FORTHCOMING
During the next two years, NRL will add new grids to the experimental real-time system operated by NRL on the DSRC, and NAVOCEANO will evaluate these grids to determine whether they can be incorporated into the official operational system. As mentioned above, the primary determination of existing regional grids is the availability of COAMPS regional atmospheric model output for a region. Because 
